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A REVIEW OF EATERITE STUDIES IN SOUTHERN SOUTH AUSTRALIA 



by Rq&f.ki p. Boi.'Rman* 



Sujnniary 

Boorman. R. P. (1995) A review of latcrite studies in southern South Australia Tnnvt. R. Sot' S. Ami I19( I ). 
128, ri May, 1995. 



Studies of laierite in southern South Australia are reviewed to throw light on the nature of latcrite. its genesis, 
classifieation, its relationships to substrate materials and constraining sediments, its use- as a morphu-siruligraphic 
marker and palaeoelimaiie indicator, ns relationships to deep weathering, and the tuning ol luleritisulnin. Evolving 
views of laierite as a rock unit, as an iron- rich horizon and as a weathering product are traced and processes 
attributed m Interne formation viz. , capillarity, leaching, combinations of water table movements, leaching and 
capillarity, wetting and drying processes, weathering transformations of materials rich in ferrous iron, and as 
a lacustrine deposit arc assessed. Fundaments, to theories of laierite genesis are the roles of relative and absolute 
accumulation of imn and aluminium minerals. 

In southern South Australia interpretations of landscape evolution have depended heavily on recognition of 
parts ol an Original normal laierite profile, consisting of a pallid, bleached zone successively ovarium by a mottled 
zone and latcrite. a ferruginous and/or aluminous crust. This profile lias been associated with formation on a 
peneplain surface under a humid, but seasonally dry, tropical climate. The possible preservation ol a pristine 
latcrite surface of great antiquity in the modem landscape on uplifted peneplains has been entertained by some 
workers, hut questioned by others. Alternatives to this approach are provided by stratigraphic investigations of 
polygenette profiles, and -j continual weathering model of latcrite formation lhal results in lateral Variability m 
the distribution Of pallid, mottled and laierite materials on a surface initially with irregular topography. Interpretations 
of lateritlsed landscapes include differential dissection of a complete lutcriie profile on an uplifted peneplain surface, 
muhicyelic landscapes successively Interitised and the formation and latent isal Ion of high level surfaces during uplift. 

Evidence of latcrite formation under non-tOipic.il conditions questions the climate latcrite correlation as does 
the lack of reliable minerals its climatic indicators of latet itisalion. Furthermore, the recognition oflateritisalion 
occurring throughout the Mesozoic and Camozoic restricts the usefulness of latcrite as a palaeoclimaltc and morpho- 
strallgraphic marker, 

Ki-v Worm laierite, latcrite profiles, fcrrierete, polygene! if profiles, peneplains, deep weathering, 
palaeoclirnatic indicators, multicyclic landscapes, morpho-stratigraphic markers 



Introduction 

There is a long history of research on materials called 
laierite in South Australia. The general distribution of 
liitcrific materials iri southern Souih Australia is shown 
in Fig, I. Specifically, these materials include 
ferruginous and aluminous crusts, variably described 
as 'orlstdin', 'ferruginous dutierusf (Lang 1965). 
durierusf (Woolnough 1927), 'ironstone' (Tcalc 1918). 
ironstone cappings’ (Scgnil 1937). 'indurated zones’, 
'ironstone gravels' (Present! 1931) and Terriciete’ 
(Firman 1967a. Bourman I969 1 : Milnes cl ol. 1985). 
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weathered bedrock, sediments and soils, variably 
lerruglnised, mottled and/or bleached. This paper 
summarises and critically comments on these 
definitions Issues addressed include the diversity of 
interpretations concerning the nature of latcrite. 
processes of latcrite development, laierite profiles, the 
topographic and climatic requirements for its 
formation, its age, and reconstructions of. and 
interpretations drawn from, lalerthc landscapes. 

The term ‘laierite’ has been in the scientific literature 
since the publication of Buchanan (1807). David (1887) 
discussed the origin of laierite in the New England 
district of Mew South Wales, but did mi without 
reference to Buchanan’s work, and the term did not 
appear in the South Australian literature until more than 
100 years after its firsi usage (Tcale 1918). Nevertheless, 
features subsequently regarded as lateriie were 
discussed by early workers under labels such as ‘Desert 
Sandstone' (Woolnough 1927) and "Upland Miocenes’ 
(Tale 1879). 
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With few exceptions, the majority of investigators 
m South Australia have followed the view that laterite 
formed as a result of intense chemical weathering in 
a seasonally dry tropical climate on a peneplain 
surface, largely during the Tertiary. These conditions 
favoured the development of a laterite profile 
comprising a leached sandy A-horizon successively 
underlain by laterite. a mottled zone and a pallid zone 
resting on unwcathcrcd bedrock (Fig. 2). Generally, the 
present discontinuous distribution of these materials 
has been ascribed to differential erosion following 
tectonic uplift of the peneplain. 



Definition of laterite 

iMerite us a rock unit 

Early studies of laterite in southern South Australia 
were undertaken by geologists, who considered laterite 
to he a rock or sedimentary unit and equated it with 
‘Desert Sandstone' (silcrete) or with terrestrial deposits 
referred to as ‘Upland Miocenes’. For example, Tate 
(1X79, p, lix) regarded ‘evenly-bedded sandrock, 
mottled clayey sands and ironstone conglomerates', 
occupying flat-tupped localities in the Adelaide foolhills 
and within the ranges as ‘Upland Miocenes'. He 




Fig. 1 Map showing the localities of lateritic areas in southern South Australia referred to in the text. 



Fig. IA (Opposite page). Inset in Figure 1. 
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t ig, 2, Sketch of the pedugenir model of the normal or 
standard late rile profile incorporating a sandy, bleached A 
horizon above a latcrilc horizon, successively underlain bv 
CDinpitnion materials of mottled and bleached bedrock 
(Stephens |946). considered to liavt developed on a 
peneplain under humid tropical conditions, 



considered them to tie correlative both with terrestrial 
clays Overlying tossiliferous limestone at Adelaide and 
Tertiary terrestrial sediments bordering the Mt Lofty 
Ranges Later work has demonstrated that these 
sediments vary in age from Pleistocene to Eocene 
Furthermore, the limestone exposed in .Adelaide is now 
known lo be Late Pliocene (Ludbrook 1980) rather than 
Miocene as assumed by Tate 

The Desert Sandstone in northern South Australia, 
currently known as silcretc. was interpreted by Tate 
(1879) as an extensive lacustrine deposit contemporary 
with river gravels and sands of the Upland Miocenes. 
Thus silcrete and laterite were not distinguished and 
they were both considered to be sediments or rocks. 
Whereas Tare (1879) equated sediments within the 
ranges and on their flanks as Upland Miocenes, Benson 
(1906) separated them into two groups, with an older 
Miocene series capping hills and a younger series 
flanking the western escarpment of the Mt Lofty 
Ranges 

More recent papers have also considered laterite to 
be a rock unit. For example. Major & Vitols (1973, 
p. 46) described laterite on Kangaroo Island as a 
'massive rock composed of pebble-sized pisolites of 
maghemite and limonite and fine-grained quart?, sand 
cemented by Iunonite' This crust, up to 1 m thick, was 
overlain by white, fine-grained quartz sand and 
underlain by mottled yellow and red clay nr rocks of 
the weathered Kanmantoo Group metasediments. The 
crust occurred as boulders where ripped up by ploughs 
and loose pisolites, mixed with white or yellow sand, 
were recorded on the margins of the inland plateau . 



1 Bourne, J. a. i W 74) Chronology of denudation of 
Northern byte Peninsula. M.A. thesis. The University n( 
.Adelaide (unpub!,). 



fMierin- u\ an ircm-Tkh horizon 

Many geological sludies have been concerned w ith 
laterite in only a very incidental fashion, and almost 
any iron-rich horizon has been regarded as laterite (e.g, 
Glaessnei 1953a: Olliver 1964). At various locations 
within and on the margins of the Mi Lolly Ranges, 
Tertiary sediments, variably weathered and 
ferruginised, have been reported to contain laterite. For 
example, at Happy Valley, Olliver (1964) described a 
sequence of Eocene marine Blanche Point Marls and 
North Mast in Sands overlain by Pliocene freshwater 
sands and clays capped and preserved by a laterilic 
horizon at about 200 m above sea level. The- lalertie 
consisted of a band of iron- impregnated sandy 
sediment. Similar occurrences were described in many 
sand quarries in Ternary sands in the Adelaide region 
by Harris & Olliver (1964) and OlliveT & Weir (1967). 



Lircrilc as a weathering product 

The association of laleritic crusts with weathering 
profiles (WaJlher 18S9; Maclaren 1906) was introduced 
to Australian studies by Simpson (1912) and Walthet 
(1915). They espoused the view that laterite formed as 
iron and aluminium oxide effloresences were 
transported in solution front the water table by 
capillarity, Wallher (1915) assigned the lertn ‘laterite' 
to the complete profile. 

However, laterite in South Australia has most 
commonly been considered to be an indurated 
ferruginous horizon in a weathering profile (Stephens 
1946; Hallsworth & Costin 1953; Connah & Hubble 
I960), which is quite different from the original laferife, 
described by Buchanan (1807) as a low-level 
sedimentary deposit consisting of massive, unstratified 
iron-rich clay material , lull of cavities and pores, which 
hardened once cut into blocks and exposed to Ihe 
atmosphere. 

Lang (1965) followed Hallsworth & Costin (1953), 
restricting ihe term laterite' to crusts associated with 
well-differentiated pmfiles apparently formed by in situ 
relative accumulation of iron oxides. Ore, tern' was used 
by Lang (1965) to describe crusts developed by laterally 
derived absolute accumulations. Where ortstein crusts 
formed above weathered profiles and simulated in situ 
weathering profiles they were called ‘duricrusts’ Lang 
considered that laterites on the oldest surfaces were 
only occasionally developed from materials 
recognisable in the pallid zone, and he assumed that 
a discontinuous layer of Tertiary sediments overlay 
older rocks throughout the laterilic urea. Maud (1972i 
also considered that only soils containing ironstones 
overlying mottled and pallid zones should be regarded 
as laterites. This definition has sometimes been 
ascribed the descriptor True laterite (e.g. Bourne 
1W), 
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CJaxsificaimn of fate rite 

There has been little attempt to classify latcritic 
materials in South Australia. Teale (1418) used the term 
‘ironstone* to describe ferruginous materials, which 
were noted to affect all materials except alluvium. They 
were categorised into four main types: loose, 
concretionary gravels in deposits up to I m thick, iron- 
cemented sands and gravels, ferruginised slates anti 
quartzites, and lateritic ironstone forming hard sheets. 

Laieriie was categorised by Forrest (1969’) as “fossil 
or relief, which referred to the complete normal late rite 
protile, truncated', where the upper horizon was 
absent, ’immature’, where the percentage ol iron in the 
capping was low and the underlying bedrock was only 
partially weathered, 'derived' when the capping had 



* Forrcst, G f (1964) Geomotphologiuil evolution of the 
Bremer Valley, B.A, Hons thesis. The University cil 
Adelaide (unpubl.), 

4 Boorman, R P (1489) Investigations of ferricretes and 
weathered zones in parts of .southern and southeastern 
Australia A reassessment of the laterite concept Ph D, 
thesis, The University of Adelaide (unpubl.). 



been derived from the reworking ol higher crusts and 
where this reworked capping rested on weathered 
bedrock, and ‘ferricrete’ where an iron-rich crust 
incorporated partially' rounded quartz pebbles and 
overlay fresh bedrock. 

The use of the term ‘ferricrete’. coined by Latnplugh 
(1902) to describe a ferruginous conglomerate, has been 
extended to apply to all iron-cemented and indurated 
continuous horizons and crusts in preference to laterite 
bv some workers (e.g. Millies et at. 1985: Bounnan 
1989 4 ). Ferricrete was classified by Milnes el at. 
(1987) and Bourman (I989 4 ) as simple types, which 
included ferruginised bedrock and clastic and organic 
sediments, and complex types such as pisolitic. 
nodular, slabby and vermiform ferricrete. The different 
forms of ferricrete were noted to display differences 
in micromorphology, mineralogy and chemistry dial 
reflect the nature of the parent material, environmental 
conditions during iron impregnation and subsequent 
transformations during landform evolution. Mottled 
(Fig. 3) and bleached materials (Fig. 4) were regarded 
as having developed independently of the ferricretes 
by Bourman (1989*). 
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Processes of laterite formation 

Ii is necessary for the various potential processes 
of laterite formation to be understood so that more 
reliable interpretations of ages and relationships to 
underlying companion materials can be provided. For 
example, does laterite formation require a peneplain 
surface, as many workers in South Australia have 
claimed? Furthermore, with respect to pisoliths, is it 
possible to distinguish formation in place from 
transported origins? Many theories of laterite origins 
have concentrated on vertical translocations of minerals 
in the regolith that involve capillary rise, vertical 
leaching and fluctuating water tables. However, Milnes 
et al. (1985) and Bourtnan el al. (1987) demonstrated 
that ferricrete development in southern South Australia 
has been almost exclusively related to lateral physical 
and chemical transport to, and accumulation of iron 
and or aluminium minerals in, discrete preferred sites. 

Capillarity 

Teale (1918) favoured the role of capillarity in laterite 
formation. He concluded that laterite formation 
depended upon a ferruginous rock or subsoil for an 



iron source, dissolution of iron, largely by organic 
acids, and a hot season to ‘pump the iron salts’ to the 
surface, causing oxidation and precipitation of limonite. 

Laterite development by prolonged chemical 
weathering during the late stages of the cycle of erosion 
(Davis 1909. 1920), on a Miocene continental peneplain 
with sluggish surface drainage, in a seasonally dry 
tropical climate that encouraged capillary rise of iron 
and aluminium in solution, was described by 
Woolnough (1927), who had widespread experience of 
duricrust in Australia. He considered the ‘Upland 
Miocenes' of South Australia to be ‘veritable Duricrust 
albeit of somewhat aberrant type’ (p. 46). He noted 
similarities between ferruginous cappings in the Mt 
Lofty Ranges with examples in Western Australia, and 
regarded some of the ferruginous materials on 
highlands as ‘thoroughly typical lateritie crusts’ (p. 46) 
and that the ferruginous surface of much of the ‘Mount 
Lofty Plateau’ was underlain by highly decomposed 
arenaceous rocks, similar to those related to ‘Duricrust’. 
Laterite, ‘Upland Miocenes’ and ‘Desert Sandstone’ 
were thus considered as contemporary and equivalent 
duricrusts, resting on weathered rock materials 
(Woolnough 1927). 




Fig. 4. Bleached and kaolinised Precambrian Aldgate Sandstone exposed by quarrying at Longwood, in the South Mount 
Lofty Ranges at 400 m above sea level. The depth of the section is 30 in. 
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The capillarity model ol lareriic formation should 
result in the reversal of soil A and B-horizorts. with 
ilit surface laierite being the illuvial B-hori/uu and the 
underlying iron-depleted clay being the eluvial A- 
liorir.on. Thus, this model requires- the cogenclu 
lorniation ol" the complete laierite profile. 



Liwbtng 

The interpretation of laicriic as the B-hori/on uf a 
fossil podzolic soil was pursued by Prescott (19.31) in 
View ol evidence of the dominance of leaching of bases 
in liiicrfte profiles, as opposed to capillary uplift, 
evaporation and surface precipitation of iron and 
aluminium oxides. Tropical podzolisaiion became the 
niosi pervasive view on laierite formation in South 
Australia, with the laierite horizon being regarded as 
a tiissil illuvial B-horizon where laierite occuts in aieas 
ol aiidity. 

Johns (1961a) proposed that poorly drained soils on 
Eyre Peninsula were leached (which appeals to be 
contradictory), during presumed humid pluvial 
conditions of the Pliocene, leading, to Uie accumulation 
of iron oxides and the in titu fonnaliun of laierite. 

( ontbiiutlions of water table mintr/ic/ifs, leaching and 
capillarity 

Both Whiteliouse il l J40) and Stephens (194b) 
concurred with the general podzolic oi igm of latcrite 
but envisaged sources of iron not only front the 
overlying leached A horizon but also from iron- 
depleted. weathcre-d bedrock by water table fluctuations 
and capillary rise. 

Iliillsworth & Costin (1953) questioned that the upper 
pod/olised layers of southern Australian laterites 
comprised parts of original latcrite proliles, and 
suggested that they resulted from intense teaching after 
laieritisation. However, Prescott & Pendleton (1952) 
had pointed out that, in spite of current semi-aridity, 
relic podzolic soils with ironstone gravels in Western 
Australia remain acid, a- -emphasising their hypothesis 
of the pedogenic origin of laierite. 

The interpretation of laterite as the indurated, iron- 
rich B-horizon ol a fossil, podzolic soil profile was 
favoured by Stephens (1946). who proposed a dynamic 
pedological model of soil formation, subsequent upon 
dissection of the lateritic regions in South Australia, 
He regarded laierite as a pedogenje material and 
suggested that ferruginous concretionary gravels 
accumulated in the soil profile in the zone of oscillating 
seasonal water table as a result of alternating reducing 



■’ H'ui h, F. H (N.S4) The regional geography of Kangaroo 
Island. PlijD. thesis, Australian Nnlamnl lmiwisniv, 
Canberra (urtpubl.). 



and oxidising conditions. He associated the water table 
lluetuations with a low relief and a humid climate. 
Under these conditions the concretionary gravels were 
assumed to form art indurated horizon by their 
progressive enlargement and coalescence. Later uplift 
and dissection of the landscape was postulated to 
explain the laterite mantling remnants of former 
peneplains. A major contribution to pedological studies 
was made by Stephens (194b) who recognised the 
influences of soil development on both the in situ 
weathered bedrock and the eroded, transported debris. 
This model proved to be very productive foi oiher 
pedologists te g. Nurthcnte 1946; Northcoic & Tucker 
1948; Rix & Hutton 1**53 J. 

Stephens (1971) later modified some of his views on 
laterite formation when he investigated a possible co- 
gcnetic relationship between silcrete and laierite He 
considered that laterite formed by the accumulation ol 
hydrated oxides, kaolinisation of mottled and pallid 
zones and Ihe acidification of the whole profile, with 
pronounced leaching losses of silica and bases, Laterite 
was noted to lorni by hoth relative and absolute 
accumulation but he believed that relative accumulation 
was predominant. He also concluded that although 
laterite formation was associated with a fluctuating 
water table, it was not dependent on either perlcel 
planation surfaces or tropical climates, views thni have 
largely been ignored in the local literature. 



Wetting and drying processes 

(n opposition to Prescott & Pendleton (1952), Bauer 
(1959 s ) favoured the view that laterite may currently 
be forming in southern Australia where the regolith 
is affected by wetting and drying. He postulated that 
under these conditions lerrous iron would migrate 
upward during waterlogging and convert to stable ferric 
iron in dry. oxygenating pe rusts. He recognised a ready 
source of iron front decomposing country rock and a 
temperature regime warm enough to allow the 
reduction, migration arid oxidation of iron 



Wtaihering tmnsfimnMitms ol materials rich in ferr/ms 
iron 

Mawson (19l)7a) described a large saucer-shaped 
body of bog iron ore, with a maximum thickness ol 
10 m, forming a flaitish-lopped hill about 200 m above 
sea level at Wadella Springs on Eyre Peninsula He 
concluded that ihe deposit had originated from spring 
waters, with iron sulphate having derived from the 
oxidation of underlying pyrite bodies. Thus Mawson, 
without confusing the occurrence with laterite. had 
observed and explained the formation of a dixt motive 
type of lerriceie. 
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The formation of ferruginous crusts, in such places 
as the Telford and Murray basins, by weathering 
transformations of minerals containing ferrous iron 
such as glauconite, sidcritc, chamosite and pyrite to 
ferric iron minerals dominated by goethite has also 
been recorded (Bourman 1989*; Bourman et at. 
1995). 



lam, it tine late rite 

The view of ironstone Formation as lacustrine (e.g. 
Ferrnoi 191!) or swamp deposits on a peneplain surface 
close to sea level, with the water table close to the 
ground surface was suggested for South Australian 
samples by Segnit (1937). He also noted ihe occurrence 
of three types of ironstone cappings on high level 
ground and slopes in the ML Lofty Ranges Vesicular 
ferricrete, formed by iron oxide replacement of organic 
material in former swamp environments, has been 
recorded (Bourman I989 4 ) in various landscape 
positions in the Mt Lofty Ranges (Fig. 5) and on 
Kangaroo Island. 



Relative and absolute accumulation: in situ versus 
transported laterite 

Latenle formation by relative (in situ) and absolute 
(lateral) accumulation has long been recognised with 
different workers attributing differing significance to 
these processes. For example, Stephens (1971) attributed 



laterite formation dominantly to relative accumulation. 
Crocker (1946) agreed with the in situ formation of 
some ferruginous gravels but considered that some 
others have secondary origins. Milnes et al. ( |U85) and 
Bourman et al. ( 1987) presented evidence of dominant 
lateral transport in lerrierete and pistil ith formation in 
the Ml Lofty Ranges, although the possibility u I'm situ 
formation was not rejected (Fig. 6) Johns |J96la) also 
conjectured that most of Lhe sediment deposited on the 
coastal plains and Central Basin of southern Eyre 
Peninsula was material resorted from the uplands and 
included pisolilic or massive it oilstone gravels. Johns 
believed that during latenlisalion the previously 
peneplained basement rocks underwent deep 
weathering, terruginisaiion and kaolmisation. 
Lithological variations in the basement rocks were 
thought to have had no influence on the final 
weathering products. 

Maud (1972), following d’Hoore (1954) proposed 
absolute and relative sources of iron and aluminium 
oxides for lhe formation of laterite. The accumulation 
of iron and aluminium oxides was attributed either to 
the removal of silica and bases or their accumulation 
from outside sources Well developed later itic 
ironstones on Permian glactgene sediments were 
explained by the concentration of iron oxides from 
lateral sources, whereas thinner crusts on pre-Permian 
rocks were ascribed to in situ weathering losses of silica 
and bases (Maud 1972), Maud (1972) believed that 
following landscape rejuvenation and lowering of the 
water table, the zones of iron-enrichment irreversibly 




Fig. 5. View of bulldozer excavation on Peeralilla Hill showing ferruginous crust of vesicular ferricrete and light-coloured 
clays (bottom left of photograph) that include ealciie ami hurite. This deposit of ferricrete occurs on the summit surface 
but below the level of surrounding hills. Borehole evidence indicates that this deposit is underlain by sandy sediments 
Excavation 2.5 m deep 



l.ATERITE IN SOUTHERN SOUTH AUSTRALIA 



4 



hardened into lateritic ironstones. Brock (1964 6 ) also 
agreed with d'Hoore (1954) that dissection of lateritic 
terrain, accompanied by lateral water movement, may 
have redeposited iron oxides on gentle slopes to form 
cappings. 

Wopfner (1972) carried out an analytical investigation 
of mottled materials that in other contexts have been 
referred to as lateritic. He discussed maghemite in 
mottled Cainozoic sediments at Hallett Cove, where 
both primary and reworked maghemite were identified. 
Maghemite was reported from two locations: small 
amounts (2%) of maghemite ill conspicuous red 
mottles, w ithin medium grained white sandstone, were 
used as evidence of in situ formation, whereas 
maghcmitic sub-rounded ironstone pebbles in a 
conglomeratic horizon were considered to be indicators 
of reworking. The profiles and crusts were considered 
to be genetically related with the conglomerate forming 
by reworking of an original in situ crust. 



» Brock, E. J. (1964) The denudation chronology of Fleurieu 
Peninsula. M.A, thesis. The University of Adelaide 
(unpubl.). 



Many soils associated with uplifted peneplains in 
Australia have been noted to contain concretionary 
ironstone gravels, attributed by Prescott (1934) to 
former wetter periods when waterlogging of soils and 
shallow water tables were more common than at 
present. Chemical analyses of ferruginous gravels were 
interpreted by Prescott (1934) to demonstrate the 
concretionary character of the ironstone gravels. 
However, many pisoliths in southern South Australia 
appear to have formed dominantly by disintegration 
of ferruginous materials such as mottles, followed by 
physical transport and modifications in soils resulting 
in increases in iron content as well as a mineralogy 
dominated by hematite and maghemite (Milnes et at. 
1987; Bourman et al. 1987). Transported pisoliths 
typically are associated with stone lines, have different 
chemical and mineralogical compositions to 
surrounding matrix materials and display multiple 
rinds. Milnes el al. (1985) also considered that 
ferrieretes in southern South Australia, as well as 
pisoliths, are dominantly remnants of iron impregnated 
sediments, originally formed in former valley bottoms 
and depressions. 




Fig. 6. Road cutting, on the Victor Harhor-Cape Jervis road west of the Waitpinga road, exposing bands rich in pisoliths, 
at a depth of about 1 m, in ferruginous sandy sediments of probable Pliocene age and of aeolian origin. Other pisoliths 
occur at the ground surface and in the upper soil mantle. The pisoliths at depth contain only gocthite, whereas those 
at the surface have higher iron contents and contain dominantly hematite and maghemite. Geological hammer 33 cm long. 
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Although there is general agreement that ferruginous 
materials can form both bv processes operating in situ 
and those related to transportation, there lias been 
cont usion in the use of the term in situ for example, 
some workers have considered that fcmercte. fotined 
during landscape dmvnwasting. which involves both 
veiueal and lateral movement of clasts, foinied in situ. 
Such lerricretes may be better regarded its residual with 
in situ weathering applying more strictly only to 
isovoluminous weathering (Bourman 19936). 



Laterite profiles 

ihr normal Utterile pntfilr 

Throughout the South Australiim literature, following 
Stephens 1 1946). runs the thread of the nornlal lalet tie 
profile which lias influenced many palaeo climatic and 
paJaco-cnvimnmental recoaslnjctions. Only lately have 
studies departed Joint this model. The normal laterilie 
profile (Stephens 1946), was envisaged as essentially 
3 podzol with A, B and C horizons of cluviatton, 
illuviation and weathering, with an accessoty late rite 
horizon usually above a clayey B-horizon, Occasionally 
several laterilie horizons were noted in one profile 
Stephens believed thal the normal lateritc profile was 
restricted to southern Australia; in Queensland latcrite 
was thought to occur as an horizon in red earth prolilrx 
(Bryan 1939'. W hr! chouse 1940), which contained 
silicitied zones, suggesting the incomplete removal of 
dissolved silica. 

The mode*! presented by Stephens has considerable 
men! as it emphasises (lie dynamic nature ol laudlorm 
change and pedogenesis. However, its dependence on 
die widespread occurrence ol a iormet norma! lateritc 
profile related to former regional water table 
fluctuations, is unrealistic and has led to simplistic 
explanations of landscape development, buithentioie 

there are various objections to the view thal the original 
Interite is the illuvial horizon of a fossil podzolic soil 

Widespread laterilie soils on the elevated peneplain 
of Kangaroo Island, the Ml Lofty Ranges. Yorke 
Peninsula and Eyre Peninsula were reported by 
(.'rocker (1946). who observed that they contained 
considerable percentages of loose and indurated 
laterilie ironstone gravels. Some of these gravels were 
considered to have Conned in situ, hut on dissected 
marginal slopes secondary origins for them were 
suggested. Crocker (1946) followed the view of Prescott 
(1931) that lateritc is the fossil illuvial horizon of a 
tropical Pliocene podzolic soil Thus he reiterated the 
then current thoughts about latcrite and further 
promulgated the association of laterite, peneplains, 
tropical climates and the Pliocene (or Tertiary), (hereby 
setting the stage for the generation til circular 



arguments. Sprigg (1946) concurred with Prescott (1931) 
and Crocker (1946) concerning lateritc genesis. 

The pedogcnic origin of latcrite was promoted by 
Nonhcnte (19461 and Nonhcote & Tucker (W4&) 
These workers mapped and described a relic normal 
laterite profile of Pliocene age the Eleanor Sand, on 
the lateribc plateau ol Kaugaion Island. Crocker (1946) 
commented that latentic residuals on Kangaroo Island 
were covered by grey and white siliceous sands derived 
from resorted A-horizons, originally developed on 
Pleistocene consul calcareous sand dunes However. 
Nonhcnte 1 1946) claimed that the constant ratio ol 
coarse to fine sand throughout the profile indicated that 
it had formed in situ and Ilial the sUtlaee Intd not 
received accessions ol wind blown sand Consequently 
he regarded the Eleanor Sand as a relatively 
undisturbed fossil soil of Pliocene age. with a laietilk 
horizon developed in situ anil preserved on an uplifted 
peneplain. However. Mulcahy (I960) has suggested tint 
such sand may not lit- losxil, but may have ilenved from 
lateritc destruction, thus yielding a similar grain size 
analysis to ihat determined liy Northentg Twidale 
(1983) considered that this sandy A-hori/.nn piovldes 
evidence lot the preservation ol an original Mesozoic 
laterite protile. 

Rix iX. Hutton (195.3) regarded the summit surface 
in the .south Mt Lofty Ranees as a block-faulted 
uplifted and dissected peneplain They followed Sprigg 
(1946). considering that by Early Tertiary limes 
Precamhrian rin ks had been reduced to a base surtacc- 
imd subsequently buried by a Ternary lacustrine and 
marine covermass. The soil pattern suggested to them 
that a further cycle of erosion had removed the greater 
part of the covermass. leaving isolated areas of varying 
extents thereby creating a new peneplain with 
remnants of Tertiary deposits preserved in topographic 
lows. They postulated lateritisation of soils on the 
peneplain prior to major faulting and dissection, 
concurring with Whuehouse (1940) that there had been 
contemporaneous lateritc formation throughout 
Australia in the Pliocene. Residual laterilie soils were 
only mapped on hill summits and spurs so they 
suggested that erosion had removed most of a later itic 
sandptuin following uplift and dissection. 

One soil, the Yaroona Gravelly Sand, was regarded 
as an original laterite profile and described as a massive 
band of laterite 22-30 cm thick, containing water 
washed grits, gravels and sands, unconforinably 
overlying kaolin bed Preeambrfan shales (Fig 7i Rix 
& Hutton (1953) described other residual podzols m 
the area as exhibiting normal profiles of ferruginous, 
mottled and pallid zones, overlying unweathered 
country rock. These workers were strongly influenced 
in their interpretations by the normal laterite profile 
model of Stephens (1946) and presented a convoluted 
explanation of an anomalous lateritc ptofile. preserved 
in a road cut south of Clarendon, in order to account 
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for a mottled zone overlying a laterite zone. The section 
can also he interpreted as a geological sequence of 
Precambrian rocks weathered in pre-Tertiary times, 
and overlain by fluvial gravels, grits and sands of 
Eocene age (Mawson 1953). Subsequently these 
sediments were partially silicified and superficially 
stained red by small amounts of iron oxides in 
groundwaters. A thin grey soil with pisoliths occurs 
at the surface. The above example demonstrates how 
complex deductive arguments, within framework of the 
model of the normal laterite profile, were used to 
introduce events, for which there was no evidence, in 
order to explain apparently aberrant observations. 
Despite this. Rix & Hutton (1953) produced a detailed 
soil map. 

In southern South Australia the normal laterite 
profile of Stephens (1946) has been given excessive 
consideration, sometimes resulting in simplistic 
interpretations of landscape development. This has 
occurred despite observations indicating great 
variability in lateritic weathering profiles and despite 
the view of Stephens (1971) that the 'normal profile’ is 
the exception rather than the rule. Bauer (1959 s ) and 
Alley (1977) disagreed with the interpretation of laterite 
as a tropical fossil soil profile developed on a 
peneplain. However, their views have not been 
generally accepted. 



1 1 

Polygenetic profiles - Alternatives to the normal laterite 
profile 

Stratigraphic Approach To Investigations Or Lateritic 
Materials 

Firman (1967a, b, 1976, 1981. 1994) placed weathered 
zones and palaeosols within a stratigraphic framework. 
For example, he gave formal status to ferruginised 
clastic sediments and bedrock weathering profiles 
consisting of sesquioxides of iron and forming 
ironstone crusts, by introducing the name Yallunda 
Ferricrete. The Yallunda Ferricrctc was reported to 
exceed 1 m in thickness in its type area at high levels 
over interfluves of the Lincoln Uplands (Eyre 
Peninsula) and on remnants of old high surfaces 
elsewhere. The term ‘ferricrete’ was used to describe 
ferruginous layers and crusts both independent of, and 
in association with, weathered profiles. Firman (1976) 
interpreted the various zones of the so-called normal 
laterite profile as having formed by different processes 
at different times, with the profile as old as the initial 
transformation of the parent material. 

Ferricretes in various stratigraphic situations, 
including ferricrete above and below Lower Tertiary 
sediments, in the Barossa Valley, as well as ferricretes 




Fig. 7. Section in road cut near Clarendon, exposing the Yaroona Gravelly Sand of Rix & Hutton (1953). showing angular 
unconformity with ferruginised pebbles, grits and sands of Eocene age overlying weathered, bleached and partly kaolinised 
Precambrian meta siltstones. Section is approximately 3 m high. 
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in the highlands of the Mt Unity Ranges and the Lincoln 
Uplands were recorded bv Firman |l967n). He also 
suggested tli ot ihetc were equivuleub of upland 
lernerctcx in the sedimentary succession ol the Murray 
Busin These included oolitic siderite-ricli sediments 
and laicritc in ihc Fatly Pliocene Bookpurnonc Beds, 

• is. well as ferruginous beds and cappings in the Late 
Pliocene Parilld Sand near the Victoria-South Australia 
border. Some of ihe ferricretes. however, have resulted 
from the relatively recent oxidation of pre-existing iron- 
rich sediments containing glauconite and siderite and 
cannot be used as reliable soil stratigraphic markers. 

Firman (1*376) considered that between Permian and 
l:arl> Tertiary times, some 200 Ma, the Ml Lofty 
Ranges region was a land mass experiencing prolonged 
weathering and erosion, so that by Early Tertiary times 
a subdued and deeply weathered landscape had 
developed. Associated bleached profiles were 
considered to have Originated in the Mesozoic, A ranee 
of different ages of weathering and latcritisation wax 
reported. Decomposed, bleached or mottled bedrock 
underlying Loeene sediments was ascribed to pre- 
Tertiary weathering: a laterite profile developed in 
Eocene gravelly sands was used to indicate post-Rocenc 
weathering, silicrl ied and ferruginous zones in Early 
Pleistocene sediments, overlying older bleached zones 
were argued to have equivalents in laterite profiles in 
ihc adjoining uplands; and ferruglnisatiop In 
cai honaccaous and pyrilic Eocene sediments was 
attributed to Tecent exposure and oxidation. 

The work of Firman is significant in attempting in 
establish stratigraphic ages for dillcrem weathering 
features. Nevertheless, correlating weathering phases 
simply on shapes, sizes and colours of mottles may 
be unreliable, as similar weathering patterns occur in 
profiles of different ages Furthermore. Finnan 
observed modification of some profiles by later 
weulhering, obscuring earlier weathering products. 
Firman apparently look no account of local 
environmental conditions, which may have favoured 
synchronous bleaching in one area and mottling in 
another Various questions remain unanswered, such 
as what happened to ihe iron derived from rhe 
bleaching of the Arcfcatmga Palaeosol; where did the 
iron for the development of the San Marino Palaeosol 
come from: and how was it concenlrated in discrete, 
bul more-or-Iess uniformly distributed mottles within 
previously bleached bedrock? 

I’oi via si in Pam nix \nu Continual Wi Arm rim; Modi i 
oi l-mRlrarTT. FoRM.vnosi 

MltrteS el ol. ( 1*385. 1*3X7 ) and Bourman el ol. fl987) 
combined investigalions of the field relationships of 
ferricretes and weathered zones with inicio- 
morpholugical . chemical and minernlogical analyses 
and questioned ihc former development of normal 



lateriie paililes t hese studies have suggested that ihere 
was complex reworking and continuous weathering of 
tcIic landscapes since the Early Mesozoic, and that 
ferric retes are dominantly remnants of irou- 
impregnaied sediments of ancient valleys or 
depressions. Some fc-rricrctes may be the culmination 
of processes beginning in Ihe Mesozoic bul st ill 
proceeding, resulting in the repeated dissolution, break 
up and neo-formation oi ferric retes. as well as the 
ongoing and current formation of trinities and bleached 
zones, 

Sonic ferricretes may have developed as suggested 
by McFarlane (1976). who postulated ferri Crete 
development by the surface accumulatton of 
ferruginous materials during landscape downwasjiitg, 
the formation of gibbsitic-rich zones in near-surface 
situations and continued development of feme retes and 
bleached zones after uplift. However, some other 
features of Iter model do mu fit the observations in 
South Australia, there is evidence for some hicacitcd 
zones and mottled zones being older than the ferricretes 
(Bourman 1989 1 ) and no evidence has been observed 
ol progressive development of profiles, with horizons 
having formed from progenitors resembling those 
currently beneath them. An extension of this model 
is rhe continual weathering hypothesis of Bourman 
(I'JK'h 1993a), which proposes ongoing epigenetic 
transformations of ferricretes and weathered zones, 
with rates of change influenced by donate and event; 
such as tectonisn), sedimentary burial and submergence 
beneath lakes and the sea 



Topographic requirements for laterite foi motion 

feotpUiin concept in laterite development 

Many workers have associated laterite formation and 
preservation with penephmied surfaces. However. 
Sprtgg (1946) considered it unwise to associate laterite 
formation w ith peneplanation, which implied formation 
over a very long period, since be believed that 
latent ixation occupied only a relatively short rime span 
This interpretation has important implications lot 
landscape evolution as laterite formation would first 
require the development of an extensive planation 
surface. The peneplain concept of Interne development 
began early (Benson 1911: Mawson 1907b; Tealc 191k: 
Woulmiugh 1927), and has persisted (Campnna A 
Wilson 1954. Brock 1964"; Ward 1966: Twidule 196H, 
1983; Maud 1972), For example, the summit surface 
of the Ml Lofty Ranges was interpreted as an Gaily 
Tertiary differentially uplifted and dissected 'peneplain, 
surmounted by monadnocks' such as Mt Lofty. Ml 
Barker and Mi Gawler (Benson I9IH. Tate (1879) 
attributed the discontinuous distribution of the Upland 
Miocenes', separated by deep ravines, to extensive 
denudation after uplift of ihe ranges 
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Mawsnn (I907h) extended (lit: peneplain onkCpt u> 
Eyre Peiunxulu where he described peneplains in the 
FA>n Lincoln area at about 100 m ami 6 m above sea 
level. He equated mottled day beds underlying the 
lower surface with freshwater Miocene beds iieui 
Adelaide 

Some extremely perspicacious comments on the 
nature ami formation ol Imuguioux materials in the 
south Ml Lofty Ranges were made by Teule ( WIR) and 
Ins work represents the most comprehensive, detailed 
and objective discussion of iron oxides among all ol 
lire early investigators, particularly oil classification 
and theories of origin of ironstone crusts. Teak (1918) 
mle rpreted the suniniil surface of the ranges as 
dislocated ami eroded remnants of a former ester sive 
peneplain Woolnough (1927) suggested that lire 
distribution ol lenuurnLs of die ierreslrial Upland 
Miocenes agreed completely with the physiographic 
conditions postulated lor duricrust formation i.c, a 
peneplain with sluggish drainage. 

In (he southern part of the Mt Lofty Ranges. 
Campana & Wilson (19S4) described a planatum 
surface at levels up to 420 ni above sea level, as a jire 
Tertiary peneplain, uplifted during Tertiary and 
Quaternary rimes and deeply dissected by subsequent 
cycles of erosion and Brock (1964') idem died 
remnants ol an ancient landsur lace on the spine of 
Hcuiicu Peninsula covering tin arcu ot 2 5 km' - , the 
rciiniaiits were described as having little relief unit a 
capping of the normal lalerile prolile ol Stephens 
1 1946) . Ward (1966) also described Hal surfaces 
preserved mi (lie cicsls and gentle back slopes of the 
western blocks of the Ml Lolly Ranges as relies ol a 
pre-delirrp rational MlLolty peneplain, mantled by deep 
weathering and lalerile. Twidale (1968) described the 
summit surface of the Ml I -oily Ranges as a laiemised 
peneplain, surnumnted by a lew residua) remnants or 
monad nocks 

Today the term 'peneplain' IS rarely Used in 
geotnorphic literature because, among other dungs, it 
carries wiili it an under nonstrablc, highly iheoictical 
mode of genesis The terms erosion surface' or 
'planatum surface' are preferred. 

Irregular \iirliu f.\ 

Nol all workers have considered peneplains 
necessary fot lateiite formation If peneplain surfaces 
.ire necessary lor laierite I'omialion. the implication 
Is that Uiterite formation follows penephtnanon, 
although irregular surfaces suggest that latcrile. can 
form during, and as a result of. landscape 
down wasting Sonic investigators such as ( am pan a 
(1955) have demonstrated great complexities and 
irregularities in weathering and landscape evolution. 
Working, near Gawler in rhe north Ml Lofty Ranges. 
I '.inipana (1955) noted a leached laterilic soil overlying 



gneisses, schists and Tertiary lluviatile deposits tesiing 
on a pie Tertiary weathered erosion surface. He 
reported gravels find coarse sands cemented by iron 
oxides within lire Ternary sediments. The mapping ot 
the Tertiary (Parly Eocene) strata in Ihts area indicated 
dial deposition occurred in a system of fakes and rivers 
on a weathered surface ol moderate re I id . above which 
ridges of harder rocks projected t'ampana (1955) 
eouxideted dial the non-marine strata and older rocks 
had been subjected lo widespicad later it isation between 
the Early Eocene and the Miocene The sequence 
outlined by Cuinpaifa (1955) illustrates pre-Tertiarv 
weathering and bleaching of basement rocks Hie 
deposinon ol Tertiary ictresttia! sediments over a 
dissected landscape, differential krrugini.saiion ol 
suifable host rocks and liie inhibition of this by marine 
submergence, 

Bauer (1959') noted thai regardless of elevation, the 
lateiite profile, the Eleanor Sand, occurs on areas of 
low relief anil poor drainage that would have suited 
periodic waterlogging and drying (Pig X) Thus lie 
thought (hat topography might have been important in 
assisting the formation of a distinctive soil in two 
differing physiographic local ions, that is, on a stepped 
topography with Hat treads, but nol necessarily a 
peneplain 

Lang 1 1965) reported on soils and geomorphology 
of the Yundi area within the south Ml Lofty Ranges. 
His work represents a departure from that of many 
earlier workers as lie invoked different types of 
weathering, erosional and sedimentary influences to 
explain the current landscape and he envisaged 
latent! sation and duricrusl lorinntum as proceeding 
over long periods ol time, ori landscapes of variable 
relief and positions above sea level. In rhe same area, 
Maud (1972) noted laterilisal surfaces occurring across 
infilled glacial valleys and correlated them with the 
summit surface despilc (heir lower laridscujie positrons. 
The gentle noo-tec tonic inclinations of ironstone 
cappings were regarded as original valley 
morphologies, and Maud (1972) concluded that the 
original erosion surface was one of considerable relief 

Bounnan (1989 4 , 1991a) presented a model of 
laierite formation involving an original landscape of 
some relief that provided lateral local environmental 
variability This resulted in bleaching of higher parts 
ol Ihc landscape and iron accumulation on plateau 
margins, in depressions, swamps and valley bottoms. 
I’i unary iron minerals mobilised in sub-surface zones 
affected by waici fable fluctuations weie concern raied 
in hentatiuc monks. Landscape downwnslirig 
concentrated and fragmented mottles at the surface, 
lurther weathering modified them, formed pisolilhs 
cemented them to lorn) leu icicle at the surface and 
further ttiodilied the fcrricrele, bullions ol (lie summit 
surface of the Mr Lofty Ranges have been continually 
affected by weathering and erosion since the Permian 
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This suggests t'erricrete formation during landscape 
evolution rather than being dependent cm the presence 
of a planution surface. The continual w eathering model 
postulates ongoing variable weathering, interrupted by 
tectonic activity, sedimentary burial or marine or 
lacustrine submergence. 



Climatic conditions required for laterite formation 

The vast majority of workers has equated laterite 
formation with a hot, seasonally dry tropical climate 
favouring, the operation of intensive weathering 
processes. Low topographic relief and tropical climates 
were considered ideal for laterite formation, generating 
many circular arguments related to the latcritc-tropical 
clirnatc-pencplairi association. 

A tropical climate with pronounced wet and dry 
seasons, such as that of Darwin, was considered ideal 
for the formation of laterite by Walther (1915). This 
view has persisted. Stephens (1946), Sprigg (1946), 
Crocker (1946) and Northcole (1946) associated laterite 
formation with a pluvial period in the Pliocene and 
Johns (1961a) believed that low reliefand high tropical 
temperatures had favoured the removal of silica, with 
seasonal oscillations of the water table leading to the 
concentration of iron oxides. More recent workers such 
as Bourne (I974-), Daily et at. (1974). Twidale & 
Bourne (1975a), MeGowran (1979a), and Twidale 
(1976b, 1983) also favoured torrid, tropical conditions 
for lateritisation. The timing of lateritisation has 
commonly been associated with independent evidence 
for tropical climates. For example, Twidale & Bourne 
(1975a) noted that palaeontological considerations 
favoured the Triassic as providing the most suitable 
humid, tropical climatic conditions for the formation 
of laterite in the Mt Lofty Ranges. 

In marked contrast. Firman (1981) proposed different 
climatic conditions for separate parts of the profiles. 
For example, the bleached zone of the Arckaringa 
Palaeosol was not considered to have been genetically 
associated with younger ferruginous zones but to have 
preceded the development of mottles and ferrierctes. 
He ascribed bleaching to early cool climates and 
ferruginisation to tropical conditions. 

Other workers such as Bauer (1959 s ) and Campana 
& Wilson (1954) considered that lateritic material might 
be forming at present in southern Australia so that 
climate for lateritisation need be no different from that 
of today. Maud (1972) also argued lhat the process of 



Fig. 8. Cross section of the Mount Taylor Plain, Kangaroo 
island, showing the relationships of identical vermiform 
ferrierete on a high pre-Miocene summit surface and a low 
post-Miocene surface. 
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iron oxtdc-cnuehmcut of sediments is curreotiy 
proceeding on broad valley doors in (he M l olly 
Ranges under euneiU Climatic conditions. 
Furthermore, there is considerable evidence nl tntxkm 
iron mobilisation and precipitation in southern South 
Australia (e.g. Boumian I989 4 . Fetguson el ul. 1984). 
so that n humid tropicnl climate need not be a pre 
requisite loi bleaching and iron enrichment. 

The role of climatic influences in the formation ol 
let tuginuus and siliceous duricrusts was examined by 
Alley < 1977), who provided evidence that both Interim 
and silcietc formed together, tor at least some time 
during the Tertiary, on identical strata and under similar 
climatic conditions, suggesting rh.it some other laclor(s) 
must have coni rolled the processes of weathering. Only 
the. ha.se levels of erosion differed helween the silenced 
and latctilised surfaces and silcrete developed on a 
surlace, Ihe drainage ol which Unwed sluggishly mto 
Tertiary lakes Pulynological data wca % interpreted hy 
Alley (19/7) to demonstrate that the Eocene appeared 
to have hern warm and temperate with a very high 
rainfall and that the Miocene was similar, with perhaps 
slightly warmei temperatures and a slightly lower 
precipitation The concentration of silica at Ihe 
landsut face was attiihuied to high alkalinity, slow 
groundwater movement and a high water table close 
In the lakes. Alley (1977) concluded that lalcnte and 
Silcrete rn existed lor part of the Early C’aino/oie in 
adjacent drainage basins. Consequently, latcrite and 
silctcte were not thought to form through tltc 
mechanism proposal by Stephens (1971) which involved 
the formation of silcrete by deposition of si lies in dry 
/.ones aflet having been deiived hum latentic 
weathering elsewhere Furthermore, the view that 
lalenle is associated With tropical conditions and 
silcrete. with aridity was not supported because both 
tunned in similar climatic and biotic regimes; only the 
base levels and gtoundwatet conditions varied. 

Using chemical (Million 1977), palynologic.il and 
stratigraphic evidence to support their argument 
McGowran r.t til. (1978) disagreed with Alley (1977) 
that latcrite and silcrete formed concurrently on similar 
rocks and under broadly similar ehmalic conditions 
from Eocene to Miocene rimes However. Alley (1978) 
countered the arguments presented by McGowran ct 
nl (1978) and made a valuable contribution to the study 
ol lalcnte genesis try higldigluuig the miluenee ol local 
topographic and groundwater conditions in its 
toimulioil, as well as questioning climatic influences 
on latcrite and silcrete development. 

Minerals as climatic indicators of lalcritisaJion 

As noted above laleritrsatkin is commonly associated 
with intensive weathering under tropical climatic 
conditions and certain minerals are suggested as 
indicators u) climatic conditions Hot example, Woplnet 
( N72 ) suggested that maghemite in mottles is a climatic 



is 

indicator, originating by thermal dehydration of 
IcpiJocrocuc lortncd by oxidation under fluctuating 
water tabic levels and warn' climatic conditions He 
concluded that IcpidocrootC and gocthitc may have 
formed as gels that were subsequently dehydrated and 
crystallised as maghemite and hematite under 
conditions of low relief, warm climate anti heavy 
seasonal lainfull. 

However, maghemite in latentic mollies is very larc 
in southern South Australia as they are dominantly 
hcmaiitie (Boumian 1989 4 ) Moreover, in lateritrc 
areas of the Mt l ofty Ranges, potent ially weatherahle 
minerals including felspars, muscovite, vcrmiculitc, 
chlorite and smectite have been identified (Boumian 
1989-*). In some cases there may have been nco 
Ion nation of these minerals hut it does scciu anomalous 
that they should he so widespread in areas considered 
to have been affected by latcritle weathering processes, 
Previously, Crawford (1905) had noted Jrcsli felspar 
gravel in mottled material at Ardrossan and used this 
to argue against latentic weathering 

Prilat'oc/iinatic indicators 

Depending on the climatic conditions considered 
essential lor lalenle formation, the presence of latcrite 
has palacoenvironmcntal implications. Them is little 
doubt that the operation ol chemical processes is 
accelerated under hoi moist conditions hut there is a 
growing body ot evidence suggesting that iron 
mobilisation and kaolinisalion can occur under various 
climatic regimes - see Boumian (1993a) for a summary 
- so that there arc considerable uncertainties linking 
latcrite format iiffl with a specific climate. For example, 
there are many reports of modern iron mobility from 
localities in Ihe Ml Tolly Ranges, Kangaroo Island and 
Fisherman Bay (Ferguson er al. 1984) under current 
Mediterranean and .scrui-atid climatic conditions 
These observations may also east doubt on the 
reliability ot cut relating terrestrial ferruginous crusts 
with evidence ol warm, humid climates derived from 
marine climatic indicators (McGowran 1979b). 



Interpretation of laterilic landscapes 

Many different hypotheses have been presented to 
explain the distribution and evolution of lalcnte. These 
include the development of latcrite on a surface ol low 
relief, dose to sea level, followed by differential 
tectonic uplift and dissection of the lateritrc surface, 
development of multiple erosion surfaces affected by 
episodic weathering and latcrite formation, differential 
Weathering and lalcnte formation on a landscape 
formed by uplift and dissection ol a surface originally 
of low relief, and the weathering, erosion and 
sedimentation of a landscape before during anti after 
uplift. 
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Ihrrmsi na tion of lateriiised laud Mopes 

Die models of landscape evolution presented to 
explain ihe development of lateritc depend ou 
preconceptions of how l.itcrite forms. For example, ii 
is often assumed that isolated occurrences of lafcrile 
represent dissection of a former continuous lateritc 
surface and that the different horizons of lateritc 
profiles formed contemporaneously. In the past, nuny 
winkers have tacitly assumed that the present day 
isolated and sporadic occurrences nf lateritc represent 
the crosional dissection of a former contiguous and 
umlomi Iaicrite-maniled planation surface and that 
these remnants are excellent and reliable rnorpho- 
stiaugraphic markers te g- Twidale 1983). However, 
discontinuous distributions may reflect only localised 
lonnalion in favourable localities (Dourmun 1993a) 
where optimum topographic and climatic conditions 
did not generally prevail. Hence, the occurrence of 
lutciUc need not necessarily indu ate a former extensive 
erosion Suiface. 

Pn'srrvaii/m of uplifted peneplains 

Intel pi etaltons of landscape evolution have 
commonly depended upon recognition of uplifted and 
dissected former peneplains, and the preservation of 
parts of the original weathered surface, which can be 
used in reconstruct the Ibmier surface A. review of 
the character and age of the summit high plain of the 
Ml Lofty Ranges was presented by Twidale tl97bh). 
who argued lhat the summit surface is of Mesozoic 
age and has been preserved tor some 200 Ma (T widute, 
1 976a i . Recurrent uplift of the Mt Lnftv Ranges, it was 
argued postponed the ultimate degradation of the 
ranges by exposing new land to the area undergoing 
reduction, However, other workers have suggested that 
the best preservation of lateritc is in relatively low 
lying points and least in areas of greatest uplift iMilnes 
1 1 nf 1985). Ihe development ol the Mt Lofty Ranges 
oil an anticline, rhe flanks of which are faulted , was 

one factor used by Twidale (t976a) to explain the 
preservation of the latenle-capped plateau It was 
maintained that the bulk of the plateau is centrally 
located close to the resistant compress ional zone of the 
anticline and remnants near the western margin are 
buttressed by sandstone and limestone outcrops. 
However, the folding, which occurred in the Cambrian, 
was very complex and did not result in the formation 
ol a simple anlicline. Moreover, erosion ot this complex 
slruciure has been so pronounced Ihal vertical ami near- 
vcnital rock structures are exposed. Furthermore, 
subsequent tensional faulting has occurred within the 
ranges (Cilaessner 1953a), so that the core of the ranges 
should not be considered to be in compression. The 
preservation of the Mesozoic sandy A-horizon of the 
lateritc profile was thought lo have assisted 
pnlaeosurfaee preservation by providing an absorbent 



cushion to protect the underlying ferruginous horizon 
from rainfall (Twidale 1976a) However, no evidence 
has been found by the present author of 200 Ma old 
sandy A-horizoris in ihe ranges. Conversely sandy soils 
are common, especially on Penman glaeigcne 
sediments and occur in landsurfaces. demonstrably ol 
post -Mesozoic ages. A permeable and porous 
ferruginous crust of Ihe lalenle profile was also thought 
to render this zone resistant to erosion. However, 
ferruginous crusts are relatively rare and discontinuous 
with the thickest crusts occurring in positions well 
below Ihe level ol Ihe postulated ancient surtacc- 

Gully gravure, involving the alternation of the locus 
of intense erosion through the protective influence ol 
coarse debt is, was implied to reduce die rate of scarp 
retreat (Twidale |976a) However, no specific sites 
were discussed and the present author has not observed 
the extensive operation of this process in the Mt Lofty 
Ranges The unequal activity of rivers, which incise 
more rapidly than they erode laterally. was also 
suggested as a contributory factor in summit surface 
preservation (Twidale |976a) While river incision may 
operate more rapidly than vallev-side processes in some 
situations, the operation of the processes of weathering, 
surface wash and gullying on valley slopes and hill 
summits lor 200 Ma has led in considerable 
modi I nation of the landscape (Milne* ft of 19X5; 
Ron mum 1997a). 

A model of landscape evolution involving increasing 
relief amplitude in order to account for the preservation 
of these presumed ancient palaeofbrms was presented, 
and evidence supporting this model for other areas 
was discussed . However, it is unlikely that the summit 
surface of the Mt Lofty Ranges has survived essentially 
unchanged for this enormous period of time, 

Dixsteliim model 

The dissection model assumes relic induration at Ihe 
top of former complete and continuous profiles nnd 
ihe luck of preservation ol complete profiles is often 
Taken to imply dissection (Stephens 1946; Thomson 
&. Horwilz 1962; Johns 1961a. b; Maud 1972. 
Robertson 1974. Daily if ul. 1974; Twidale I9H7) 
Johns (1961a) considered dial much of the Lincoln 
Uplands of southern Byre Peninsula is obscured by 
fossil lateritc and laicritic gravels and conglomerates, 
a formerly continuous mantle now partly stripped 
following regional uplift, drainage rejuvenation and 
erosion. Johns tl96lbl also interpreted the accordance 
of summit levels in the eastern Mt Lofty Ranges as 
a base-levelled terrain of Pliocene age. carrying 
sporadic occurrences of ferruginous grits and latcrtu.'-.. 
He believed that onee-eomumous ironstone cappings 
ol Pliocene or posi-Pboeene age have been largely 
removed by erosion. The best exposures of ironstones 
were reported from “Lucernbrae" where deposits atom 
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I m thick were noted to mantle Kanmantoo Group 
mctascdimcntary rocks.. 

Maud ( 1072) noted tli.il although laterite profiles, in 
the southern Mt Lofty Ranges are typically thick, with 
well developed mottled and pallid zones, laterite 
horizons are rare He attributed this to erosional 
liuncation of the profile. Robetlson (1974) reported 
ironstone fragments and deeply weathered anil 
kaohmsed rocks in the central section of the Mt Lofty 
Ranges at ahrmt 45(1 in above sea level. He also 
Interpreted the weathered material as a remnant of a 
Tertiary laterite profile. 

Geologists and geomorphologists have been 
particularly interested in laterite. primarily to establish 
denudation chronologies, to establish the ages ot 
particular landforms, to correlate widely spaced 
planalion surfaces and to throw ligltl on the tectonic 
behaviour of upland ureas Examples of the use of 
lalcnuc weathering in interpreting landscape evolution 
arc provided hy the work of Sprigg (1945). Brock 
(1964"), and Twidale & Bomne (1975a). Sprigg (1946) 
consideicd laterite lonnatiori in the Mt Lolly Ranges 
to be short-lived* correlated it with mottled Pleistocene 
sediments and believed that faulting and uplift of a 
peneplain occurred after laterite formation, indicating 
land movements ol between 181) m and 3UU m dui mg 
the Pleistocene Kosciusko epoch ofblock limiting. This 
interpretation provides a very young age for 
latcrittsation and faulting, whereas Brock ( 1004'') 
interpreted the summit surface as a peneplain formed 
after prolonged subaerial weathering and erosion in 
(tie Palaeozoic, culminating in a phase ot crustal 
stability in the Mesozoic and Early Tertiary, when 
laientisation occurred prior to uplift and dissection ol 
the surface. 

Even greater antiquity of the Mt Lofty Ranges was 
purposed by Twidale & Boutne (1975a) who 
investigated the gcomorphie evolution of the eastern 
Mt Lofty Ranges. A summit high pLam (TungkiUo 
Surface) ai 2(X) ilX) in above sea level, an etch 
surface, occasionally sumiountcd by scattered later itic 
residuals up to 10 rn high (Whatley Surlace). was 
identified. The scattered latcritic remnants were 
interpreted as remnants of a once-contiguous weatliered 
surlace ol low rcliel. Tile Whallcy Surface and its 
associated deep weathering were considered to be ol 
Mesozoic age by extrapolation from Kangaroo Island 
( Dai ly et at. 1974 ) . They also argued that it dec eloped 
under a humid, tropical climate. Dislocation ol the 
Wh3lley Surface by faulting was proposed although 
there was no evidence ol but red laterite cm the 
doevnihrown side, of the MilendelD Fault Its absence, 
if it ever existed, Was explained by sub surface 
dissolution ol (lie iron oxides. 

Kennedy model of development of hue mixed surfiue 

t widale 11968) *ccountecl for the absence < 



dowrifaultcd remnants of tile lalefitised erosion surface 
by proposing an alternative to the traditional 
explanation ot Hie .summit surface o| the Ml Lofty 
Ranges that it is an extensive lateritised surface of 
erosion, developed close to regional base level in the 
I -cite Tertiary, and subsequently upthrust along ancient 
lault hues, after which it suffered dissection. While 
conceding that the ferruginous crusts of the postulated 
laterite profile might have been removed by sub. surface 
solution, the possible development ol an extensive 
landsnrfaec in relationship to local base levels in the 
uppei readies, one of the possibilities suggested by tire 
work of Kennedy < 1962), was proposed. However, no 
ci iticaJ evidence was presented to show tliar the summit 
surface oi the Mt Lolly Ranges developed in this 
fashion 

Aftemnivcs to front tired itirerih profiles 

While carrying oul regional genii igical investigations 
on Yorke Peninsula. Crawford (1965) described 
Pleistocene deposits, exposed iri the sea-ctitfs at 
Ardmssan. as monied dark red to olive green 
argillaceous sediments - five 'Ardrossan Clays and 
Snndrnck’ of Topper (1879). He suggested that the 
mottling could be due to latentisalion. with the uppei 
indurated zone having been removed by erosion and 
the pallid zone occurring sub-surlace However, fresh 
IcLspat gravel m ttie mottled materiul aigued against 
latenlic wealbering. Consequently, an alternative rum 
latcritic explanation of mottling produced by alternate 
wetting and drying in an environment of low relief was 
also suggested, Crawford (1965) obviously considered 
laterite within the framework ol the standard laterite 
profile and attempted to lit his observations into it by 
postulating the erosional removal of an upper indurated 
/.one. He did, however, also eonsidet an alternative 
non-lntendc explanation for his observations. 

The validity ot accounting foi incomplete profiles 
by erosional truncation in landscape interpretation was 
questioned (Bourman et til 1987: Bourniun 1993a) by 
demonstrating great lateral variability in the spatial 
distribution ol bleached, mottled and lerricrcied zones, 
the development of which depended closely on local 
micro-environments (Bourman. 1993a). Presumed 
remnants of laterite crusts have been shown to be lags 
of ferruginous motllcs accumulating ai the surlace 
during landscape downwasting (Bourman 1989') and 
thus laterite crusts, as such, may never have existed. 

Double planalion llieory of Kenner 

Fenner 1 1930, I93J ) presented a double peneplnnuiion 
hypothesis to account lot the evolution of the Mt Lofty 
Ranges, providing, a geomorphie and tectonic 
framework lor the use of subsequent authors. Tire 
greater port of this Mt Lofty Ranees was thought to 




